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Organic arsenicals readily and preferentially< react with suihydryl-containing compounds [1,21.
Trivalent organic arsenicals are particularly potent
cytotoxic compounds, presumably because they
inhibit enzymic function by binding to sulfhydryl
groups at the active sites of enzymes. c

In our recent studies we showed that the trivalent
organic arsenical phenyldichloroarsine (PDA; 1)
will enter erythrocytes and bind to intracellular ..- he recino PAwt LCbie and two detiy-
glutathione (GSH) via the sulfur atom of thle central atives of rL-cysteine in metha~oI-d4". We found that

cystyl residue, the adduct formed is O-As(GS) 2  cysteine (in 'Cont'rast t o(GSli,'inH0)fre a
[3-51. In thle rate erythrocyte, a secondary PDA mo no- steine adduct wvhen the L-Cys/PDA ratio
binding site was found in hemoglobin which wa 1(2). When cysteine wvas present in two
contains additional sult'hydryl groups relative moa eqialents th expected 2:1 adduct was
to human hemoglobin. The two sulfhydryl groups formed via chelation of the two sulfur atomns of
that bind PDA are thought to be the Cys- 13 residues cysteine to the arsenic atom (3). Both i.-cysteine

1% of the alpha chains [51. This is puzzling because methyl estcr and ziV-acetyl-L-cysteine reacted like
the two Cys-l 3 residucs are spatially not In close L-Cys teine- a nd Iformed a 1:1 adduct when the ratio
proximity and 1: 1 As:S adducts are not character- wa.~ :-1, -
istically stable [2,61. When PDA reacts with GSI "'i'-s . ~ i~j' C\tt j S
the 1:2 adduct (0.As(GS) 2) forms preferentially -4'C e1 ~~.~ 1~ AI tn ) ~ ~ ,

and thc 1: 1 adduct is detectable only when PDA ExperinientaiC. ..
is In large excess [3,7~1. We, thercfore, postulated 4+ C.
that in rat hemoglobin the second ligand of PDA Phenyldichloroarsina 'was put ased fromr Re,
could be a nitrogen (or oxygen) atom of a neigh, search lnorganiclOrganic Chemicals (Suin Valiky,..

b~rng tnio aid esiue forInsanc, Gu-16) CA) and further purified by vacuum~ distilAtim
N.\~orng min acd rside (or nstnce Gl~l 6) 13], I.Cystelne wvas obtained ftrnm Baker OtmWa

NIn order to fuirther our studies dealing with tho Company (Philhipsburg, NJ) and the t'" cystbo
sufyrlcttiig mlcls eivsiao, opn S.Lus OMta~iinteraction oif organic arsenicals with biological derivatives were obtained from Sigm~ C1mnWk

_______was a product of Motick, Sharre -.1 Dhuw (*%I
*Authnr to whoin corrc~pondtenv shoid No adttresid, Poin~t, PA),
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For NMR studies, samples were prepared by the are three resonances at -132 ppm (representing
addition of PDA (using a positive displacement five carbon atoms) and one less-intense resonance
pipette) to methanol-d4 in a 10-mm NMR tube. at about 148 ppm, representing the non-protonated
To these, measured quantifies of solid L-cysteine or aromatic carbon atom. Addition of L-cysteine (L-
the derivatives were added. The sample was then Cys) results in new resonances in the aliphatic region
saturated with nitrogen, capped and shaken (Cys C0 at -32.5 ppm and Cys C* at "50 ppm)
vigorously to ensure dissolution of the sample. 13C and carbonyl region (169 ppm; not shown in this
NMR spectra were recorded on a Varian XL-300 Figure) of the spectrum. An indication of the com-
spectrometer operating at 75.4 MHz, as previously plexity of the reaction(s) is seen in the aromatic
described [3]. Further spectral conditions are given region of the spectrum of PDA, especially the non-
in the caption to Fig. 1. protonated carbon atom. As L-Cys is added, and

the ratio of L-Cys/PDA approaches 1:1, three reso-
nances are observed in the non-protonated carbon
atom region of the spectrum; the dominant resonance

Results and Discussion occurs at 143 ppm. At an L-Cys/PDA ratio of-2:l
the predominance of a single species is observed in

Figure 1 shows the effects of added L-cysteine the aromatic region of the spectrum; the dominant
on the proton-decoupled, natural abundance '3C non-protonated aromatic carbon resonance now
NMR spectrum of PDA in methanol-d4 . The upper occurs at 139 ppm. The aliphatic carbon region
trace shows.the 1

3C NMR spectrum of PDA. There shows that all of the resonances exist as doublets,
indicating that a diastereotopic chemical shift dif-

SOLVENT ference has developed for this adduct because of
a chiral center about the arsenic atom.

L-CYSrEINE/POA Almost identical results were obtained when
L-cysteine methyl ester and N-acetyl-L-cysteine

0.0 were used in our studies. For the N-acetyl-L-cysteine,
the sample decomposed (loss of the acetyl moiety)
over an extended period of time in the presence of..... . , ..... .. .... ... .. .... . ....P D A .

*It is not obvious why GSH (in H20) preferentially
forms a 2:1 adduct, whereas free cysteine clearly
reacts in a 1:1 stoichiometry and proceeds to the

046 2:1 adduct when the L-Cys/PDA ratio is greater
than 1:1. Assuming that the sulfur is responsiblei~ifor tile cysteine -arsenic bond, the structure of

L . the 1:1 cysteine adduct is given in Fig. 1. We con-
sidered the possibility that the cysteine-PDA adductImight be stabilized if a second atom (e.g. oxygen

a90 or nitrogen) also served as a ligand with the arsenicI' I and thus formed a ring structure, This does not

- j Iappear to be the case, because both the methyl
ester and the N-acetyl derivatives of L-cysteine

.... ... .. , also formed 1:1 adducts, Another possibility is
that solvent plays a role in the adducts fornmd.
Indeed, when we studied the reaction of PDA with

I sGSH in methanol-d 4 , we found similar results to
I those observed for the reaction of PDA with .

cysteine and the derivatives of i.-cysteine. Although
a solvent effect may explain the above reactkins,

S : .... .... 3 rtle result obtained with rat hemoglobin is still1,4o 60 5O 40 30
ppm from M0451 anomnalou,l

Fig, I. 'hre ef'fect% of added tUcysteine on the proton,
decolplied, naturtil abindance 3C NM R spectrun if l'l'A,
The concentration of PDA was 125 in In nethanolWd4,
Solid tcyatclhc was added to give the i1ohai ratios of le Acknowledgement
C'ysl11DA a% inifi'aled in tho riglht-hand portion of cachti

trace. A new amalple wai% prepiard for ,ach tCysq'MA ratio K.,D, acknowledges the support of the Nmktoul"
give,. Rosearch Co ticil.
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